Using real-time satellite ocean color and
robotics to test ecological hypotheses that
lead to conservation plans
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Characteristics of the primary producers are primary
drivers in defining landscapes.
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Biomes/Provinces/Seascapes
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Primary Producer turnover rates are fast in the ocean

Mean NPP: log,o(mgCm-2dl)
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Seascapes as a new vernacular for pelagic ocean monitoring,
management and conservation

Maria T. Kavanaugh'!, Matthew J. Oliver™, Francisco P. Chavez’, Ricardo M. Letelier”,
Frank E Muller-Karger’, and Scott C. Doney’




Dynamic Seascapes/Provinces
http://basin.ceoe.udel.edu/erddap/griddap/aqua_global_water_mass_province.graph

e SST, Rrs 443, Rrs 55

 These are conservation hypotheses to be tested

Objective global ocean biogeographic provinces
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Dynamic Seascapes/Provinces
https://cwcgom.aoml.noaa.gov/erddap/griddap/noaa_aoml_4729 9ee6_ab54.graph
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Methods in Ecology and Evolution

Methods in Ecology and Evolution 2016 doi: 10.1111/2041-210X.12532

Dynamic seascapes predict the marine occurrence of an
endangered species: Atlantic Sturgeon Acipenser
oxyrinchus oxyrinchus
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Matthew J. Oliver’
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Case 1

U.S. - Atlantic Coast
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* Delaware River Fishery U 2000

— Peak of 2700mt harvest 1888 g w00 0
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— Coast wide moratorium since 1998
Listed under the ESA in 2012




Marine Estuary Fresh Case 1

Atlantic Sturgeon life

history Spawning
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Ocean Color Seascape Classes Case 1

2012-04-01
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 Match Seascapes to
receiver stations
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* 260 tagged sturgeon
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Case 1
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Do Atlantic Sturgeon prefer a specific Seascape? Case 1




Help from Commercial Fishermen Case 1




Glider Detections by Seascape Case 1
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Glider Detections by Seascape Case 1

2013-04-04
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Glider Detections by Seascape Case 1
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Sturgeon Hours by Water Type

o _| O Available +
Y1 O utilized e

S - 385 |

Percent unique hours

.15

Seascape




Atlantic Sturgeon Risk Model Case 2

*  Predict where and when
habitats occur

* Identify how changing
conditions shift habitats

e Link conditions and occurrence

* Give the fishery the tools to
reduce Atlantic Sturgeon
bycatch through behavioral
changes

* Make it applicable to other
ecosystems and industries




Case 2

Project motivation =

The Atlantic Sturgeon Risk Model

Regulatory and
economicincentive
to avoid sturgeon
bycatch

Proposed bycatch ﬂ

take limits

Gear damage and

() @Heather_M_Welch missed fishing days
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Response - Presence/Absence Case 2

e Atlantic Sturgeon
— 301 individuals
— 19,069 unigue observations

— 1,900 presences matched to 1
day Satellite data

— 1,387,197 absences matched to
daily satellite data

Model <- GAMMA4(P_A ~ s(sst) + s(a_443nm) + t2(depth x day
of year))




Case 2
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Response Functions Case 2
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Case 2

Daily observations from satellites are rare

Clouds are not random
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Case 2

Available onbioe at www.sciencedirect.com

2013-01-01 2013-01-01 cormncn @ormecr: Ocean
B Modellin
Measured SST DINEOF Gapfilled SST IS Ocean Modeling 0009 35-346 9
" waw chaevier com/kocatolocemad
© © 30
S S = Reconstruction of incomplete oceanographic data sets
using empirical orthogonal functions: application to the
Adriatic Sea surface temperature
— — 25 A. Alvera-Azcdrate “*, A. Barth *, M. Rixen ®, J.M. Beckers *
» T (< * GHER. Department of AGO. University of Liége, Allée du 6 Aot 17, BS. Sart Tibman, 4000 Liége, Belghum
(2] [32] " NATOISACLANT Undersea Re: P Visle San Barrolomeo 400, 19133, La Spezia, Ialy
Received 30 March 2004; received in revised form 26 July 2004; accepted 4 August 2004
Available onfine 16 Scptember 2004
— 20
o~ o~
8 < 3
® -
= O
g 15 =
= 12
3 3 ;- ?
— 10
© «©
© ®
) ™ 5
o ©
o @
™ 5] 0
3 B . DINEOF to gap-fill data

756 -754 -752 -750 -74.8 756 -754 -752 -750 -74.8 (Data |Nterpo|ating Empirica|

Longitude Latitide Orthogonal Functions)
A




DINEOF Predictions Case 2

7

Past days Today Today +1, +2, +3

Time
RMS errors between measured SST and A443 with greater than 50% coverage over the
study region for gap filled nowcast, forecasts, and climatology.

G. F. 1-Day G. F. 2-Day G. F. 3-Day G. F. MODIS -
Forecast Forecast Forecast Aqua
Climatology

MODIS- Aqua SST 1.02
(C)
VIIRS SST (C) 0.25 0.93 1.18 1.41 1.15

MODIS-Aqua A443 [EY) 1.28 1.34 1.49 0.78
(m7)

VIIRS A443 (m™) 0.32 0.58 0.65 0.66 0.38




Case 2

Based on ASMFC SFP for American Shad
e River — north of Collins Beach

*  Upper Bay — Collins Beach to Port
Mahon

*  Mid Bay — Port Mahon to Bowers Beach

*  Lower Bay — South of Bowers Beach to
Cape Henlopen

*  Ocean — East of Cape Henlopen
Depths

*  0-5meters

* 5-10 meters

e 10-15 meters

* Above 15 meters

Atlantic Sturgeon alert zones based on the 2016 ASMFC Delaware River
Sustainable Fishing Plan for American Shad. River (pink), Upper Bay (blue),

Mid Bay (green), Lower Bay (yellow), Ocean (blue). The regions are divided If you know genera | Iy where you are on the

further by depth bins to make the 17 zones, <5m, 5-10m, 10-15m, >15m (> H
15m does not occur in the Mid Bay, Upper Bay and River). bay d nd the depth' you knOW you r rISk'




Delivery of Products (SMS Text)

9 ENG T 7 oa76% W44

53291

Atlantic Sturgeon Forecast Warning
Apr 22 2019
Medium Risk: River 16-33ft, LowBay more than 33ft

Apr 23 2019
Medium Risk: River 16-33ft, LowBay more than 33ft

Apr 24 2019
Medium Risk: River 16-33ft, LowBay more than 33ft

Web App http://bit.ly/213zpxb
Forecast Flyer http://bit.ly/20N6fKW

Txt STOP to cancel

If you know
generally where
you are on the bay
and the depth, you
know your risk.

Atlantic Sturgeon Predicted Occurrence

Green indicates low risk of encountering Atlantic Sturgeon

Red indicates high risk of encountering Atlantic Sturgeon

397

j Pred'dlon fOI' 201 9_04-22 This product is developed for mature Atlantic
- B Made on 2019-04-21 Sturgeon using historic telemetry observations

matched to date, bathymetry, and sea surface
temperature and ocean color from NASA’s MODIS
AQUA satellite. The five regions (Delaware River,
Upper Delaware Bay, Middle Delaware Bay, Lower
Delaware Bay, and Atlantic Ocean) are divided
into 5 meter depth bins.

394

Contact:

Moliver@udel.edu, and Mwbreece@udel.edu
University of Delaware 700 Pilottown Road
Lewes, DE 19958

Ed.hale@state.de.us Delaware Division of Fish

s1 § and Wildlife 3002 Bayside Drive Dover, DE 19901

Breece, M. W,, D. A. Fox, D. E. Haulsee, |. Wirgin,
and M. J. Oliver. 2017. Satellite Driven
Distribution Models of Endangered Atlantic
Sturgeon Occurrence in the Mid-Atlantic. ICES
Journal of Marine Science fsx187.
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Delivery of Products (Web Application) Case 2

& @ Atlantic Sturgeon Risk of Encounter )

This product is developed for mature Atlantic Sturgeon using historic telemetry observations matched to date, bathymetry, and sea surface temperature and ocean color from NASA's MODIS AQUA satellite. There are five regions (Delaware River, Upper Delaware Bay, Middle Delaware Bay, Lower
Delaware Bay, and Atlantic Ocean) and each of them is divided into 5 meter depth bins.

Encounter Risk:
Yellow = Medium Risk

Date Selected 1 Day Forecast for 2 Day Forecast for 3 Day Forecast for
2019-06-03 2019-06-04 2019-06-05 2019-06-06

NEW, JERSEY -] NEW. JERSEY | - 5 NEW, JERSEY

* Vineland

DELAWARE DELAWARE DELAWARE DELAWARE

Select a Date to Update Plot Breece, M. W, D. A. Fox, D. E. Haulsee, |. Wirgin, and M. J. Oliver. 2017. Satellite Driven Distribution Models of Endangered Atlantic Sturgeon Occurrence in the Mid-Atlantic. ICES Journal of Marine Science fsx187.

_ Contact: Moliver@udel.edu, and Mwbreece@udel.edu University of Delaware 700 Pilotiown Road Lewes, DE 19958, or Ed hale@state.de.us Delaware Division of Fish and Wildiife 3002 Bayside Drive Dover, DE 19901

This information is also available on our website

http://basin.ceoe.udel.edu/shiny/sample-apps/sturgeon/
http://basin.ceoe.udel.edu/shiny/sample-apps/sturgeon-viirs/
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Case 2
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Case 2
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Delivery of Products Case 2

Based on ASMFC SFP for American Shad
e River — north of Collins Beach

*  Upper Bay — Collins Beach to Port
Mahon

*  Mid Bay — Port Mahon to Bowers Beach

*  Lower Bay — South of Bowers Beach to
Cape Henlopen

*  Ocean — East of Cape Henlopen
Depths

*  0-5meters

* 5-10 meters

e 10-15 meters

* Above 15 meters

Atlantic Sturgeon alert zones based on the 2016 ASMFC Delaware River
Sustainable Fishing Plan for American Shad. River (pink), Upper Bay (blue),

Mid Bay (green), Lower Bay (yellow), Ocean (blue). The regions are divided If you know genera | Iy where you are on the

further by depth bins to make the 17 zones, <5m, 5-10m, 10-15m, >15m (> H
15m does not occur in the Mid Bay, Upper Bay and River). bay d nd the depth' you knOW you r rISk'




Case 2
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Uncertainty of Products (Spatially, by region) Case 2
MODIS-Aqua

100

oooose
gooo

aaaaaaaa
MODIS-Aqua Climatology

o)) 0
o o
| |

|

N
o
|

Percent Presences
Correctly Classified

N
o
|

o
|

Ocean

g 5 5
28] m m
S q) S
@ = o
o S

g S 3
) S |




We have a diversity of content outlets

Each requires access to either
cell/internet

High information to low information

What are we asking of the users to
understand this?

Equity for Users

@ Atlantic Sturgeon Risk of Encounter {§)

Encounter Risk:
Yellow = Medium Risk

Date Selected
2019-04-21

1 Day Forecast for
20190422

2 Day Forecast for
20190423

3 Day Forecast for
2019-04-24
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53291 5 Atlantic Sturgeon Predicted Occurrence

Green indicates low risk of encountering Atlantic Sturgeon

Red indicates high risk of encountering Atlantic Sturgeon

’ 77 Prediction for 2019-04-22
.\ Mado 0n 2019-04-21




